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gain in concrete is influenced to a marked degree by the fineness of grinding,
hence the extremely fine grinding for the high-early strength cements.

3. Fine Aggregate. Specifications, as a rule, stipulate that the fine aggre-
gate shall be a natural sand because of the superior qualities of workability
and placeability that well-rounded particles impart to the concrete. How-
ever, manufactured sand is becoming more common as the machinery for its
production is improved and perfected so that the particle shape (cubical
rather than thin and elongated) and the gradation can be controlled within
desirable limits; but, because of its angularity and sharp edges and corners
manufactured sand will never be as satisfactory as a good natural sand of
equal durability. Sand showing a darker color than the Standard in the
colorimetric test for organic impurities should be tested further to determine
whether there is sufficient organic matter present to affect the durability and
strength of the concrete.

The gradation, or particle size distribution, of the sand has an important
bearing on the workability, durability, and cement content of concrete. The
allowable grading limits depend to some extent on the shape and surface
characteristics of the particles. For example, a sand having smooth, well-
rounded particles will give satisfactory results with a much coarser grading
than a manufactured sand with angular particles. The fineness modulus of
sand, which is the sum of the percentages retained on the number 4, 8, 16, 30,
50, and 100 Standard sieves divided by 100, should, for general concrete
work, be maintained between 2.50 and 3.00, and the variation from the aver-
age on any job should be held to plus or minus 0.1 if uniformity and close
control of placement are desirable. Gradually the maximum and minimum
limits of material passing the different screens are being drawn closer together
as aggregate processing plants become better equipped to meet desirable lim-
its. The present Federal and A.S.T.M. aggregate specifications give rather
wide percentage limits for the number 4, 16, 50, and 100 sieves only, whereas
some large mass concrete jobs now in progress limit the percentages on each
one of the 4, 8,16, 30, 50, and 100 sieves to a rather narrow range in the inter-
ests of better control. This limitation is well illustrated in Fig. 14 on page 68
of the January 1941 edition of the Bureau of Reclamation's "Manual for
the Control of Concrete Construction," which is reproduced as Fig. 1
in this chapter. It is now generally recognized that the percentages passing the
number 50 and 100 sieves should never be less than 10 per cent and 2 per
cent respectively, and preferably somewhat greater. Manufactured sand
generally requires a greater percentage of fines than natural sand to produce
satisfactory workability. Experience has demonstrated that very fine or
coarse sand or a deficiency or excess of any size fraction produces undesirable
results in the concrete. In other words, a smooth grading curve between
recognized limits produces the most desirable concrete.

4. Coarse Aggregate. The number 4 screen, which has a square opening of
%6 in-* is generally used as the dividing point between fine and coarse aggre-
gate. For mass concrete in dams the maximum size of stones incorporated in